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deploynent of other slower, more specialized evalua-
tion equipment.

In this paper, the road nonitoring systen is de-
scribed and its use in research on the effects of
surface unevenness âncl lts development as ä conpo-
nent part of a total maintenance management system
are discussed.

DESCRIPTION OF T¡IE SYSTE!,I ÀND ITS USE

The high-speed road monitoring systêtn (f), shown in
Figure 1, is a laser-basedl system that accurately
measures road surface characteristics. Its on-board
cotnputer facilities, shown schematically in Figure
2, provide both tneasuretnent control ancl an on-sitè
data-processing capability. The system operates at
speeds between 5 and 80 km/h, and its perfornance is
not affected by variaÈions in speed. llith a dríver
and one operator, it can cover as ¡nuch as 200 km of
proflle, rutting, texture, and road alígnment parâm-
eters each day. Data arê stored on floppy disks ancl
can be either processe¿l on siÈe or transferred to a
central mainfra¡ne computer for pernanent storage and
further processing.

Figure 1. High-speed road monitoring system.

5.

High-Speed Road Monitoring System

P.G. JORDAN AND J. PORTER

A high-speed road monitoring system has been developed at the Transport
and Road Research LaboratoÌy. lt consists of four laser sensors mounted on
a 4.5-m-long beam that is supported by a two-wheeled trâiler towed beh¡nd

a small van. Measurements are made by the configurat¡on of laser sensors
under the control of a computer system located in the vehicle behind which
the tra¡ler is towed. Longitudinal profile, wheel-track rutt¡ng, and surface

macrotexture are measured as the system tfavels ovef the road networks in

the rcrmal traffic stream; provision is being made for the measuÌement of
road crossfall, grad¡ent, and horizontal curvature. The principles of system
operation in the d¡fferent measurement modes are described and illustrated.
Use of the measurements made by the h¡gh-speed system in studies of the ef-
fects of unevenness on thq road user and in detecting structural deter¡orat¡on
of ¡oads is described. lts potent¡al for use in making surveys of the road net-
vrprk at a relat¡vely low cost, locating areas of distress, and guiding the deploy-
ment of other, more specialized equ¡pment is discussed w¡th¡n the context of
the development of a cost-effegt¡ve ma¡ntenance management system.

Large suns of rnoney are being spent throughout the
world on road maintenance. Effective use of these
funds de¡nands careful allocation of resources. In
the United Klngdom the Report of the Com¡nittee on
Highway Maintenance (1) recomnended that higheray au-
thorities should use an objective maintenance rating
systen as the basis of regular road inspectíons. In
ansÌrer to this recon¡nenilation, various conputerized
highsay maintenance systerns (2) have been ileveloped
anil are in widespread use in the United Kingdlom.
À1I rely heavily on visual inspection to assess the
condition of the road surface by reference to, for
exarnple, vrheel-track rutting and surface cracking.
These visual condition surveys are increasingly be-
ing augrnented by input from ¡nachines that nonitor
various aspects of road condition .tnore guickly than
could a team of inspectors.

À high-speed ¡nonitoring systetn that measures a
number of different aspects of road condition has
recently been developedl at thè Transport and Road
Research lraboratory (TRRL). Iqeasurements are made
by the system as it travels over the net$¡ork in the
nornal traffic strean. The power of the equipment
lies in its ability to cover a large distance each
day, gather surface profile and al.ignnent data that
descrítre the condition of the network, and guide the
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Figure 2. Computer control and analysis facilities of h¡gh-speed road mon¡tor¡ng system.

Laser Sensor

The essential features of the laser sensor t!) are
shown in Figure 3. Laser light projection and re-
ceiving units are fixed to a rigid bea¡n in such a
xray that the projection an¿l receiving axes are or-
thogonal. The seniconductor Iaser source produces
infrared light at pulse rates up to 3000/sec. The
Iens in the projection unit focuses the light fron
the laser on a 0.3-mm2 spot on the road surface.
This liqht is diffusely scattered by the surfacei
sorne is coLlected by the lens in the receiving unit
and focused onto a linear array of photodiodes.

when the surface is displaced vertically ín rela-
tion to the sensor, the illuminatecl spot noves along
the axis of the projection bea¡n. Because the pro-
jection and receiving axes are orthogonal, the image
of the i1lu¡ninated area formed on the diode array
moves along the array and remains in focus' as shown
in Figure 3. By detecting vrhich diode in the array
has maximum 1ight intensity, the vertical distance
of Èhe sensor from the surface can be calculated.

The sensor has a working range of 72 n¡n centered
at a point 270 mm fron the sensor, and resolution is
+0.282 nm over the fuIl working range.

Prof íle. Itleasurement

For profile neasurement the hiqh-speed system Q)
uses four laser sensors fitted to a 4.5-n-long rigid

Figure 3, Essent¡al features of laser sensor.
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bea¡n in the configuration sho\dn in Figure 4. The
sensor configuration provides two profile. neasuring
systems: the sl¡mfletric (SYM) and the aslrrnnetric
(AsY). Each measures a different range of wave-
Iengths. Profile features wíth wavelengths greater
than 10 m are neasured by using the SYI¡! system (sen-
sors A, C, and D in Figure 4); this cornputes the
average profiJ.e heÍght over a 2.14-¡n length (every
2.14 n) to give the long-wavelengÈh profile of the
road. The ASY systen (sensors A, Br and D in Figure
4) is usecl Èo deter¡nine the profile in the 0.3- to
20-n wavelength range in terns of the average Pro-
file height over a 0.107-¡n length (every 0.107 n
along the road). A single composite profile con-
taining the vravelengths measured by both systems is
obtained by superinposing the ASY profile on that
measured by the SYM system.

The principle of operation of the Profilometer is
described in detail elsewhere €). fts main fea-
tures can be briefly illustrated by referring to the
sYlrl rneasuríng systen. By noving the equipnent for-
ward a distance equal to that beteeen the sYM sen-
sors, the average heights hA, hC, and hD of
each of the sensors A¡ C, and D above the road sur-
face can be conputed. The averaged profile height
(Y1) of the road traversed by sensor D is referred
to- a datun line defined by joining the average¿l
heights at the center points of the lengths tra-
versed by sensors A and c to give the averaged char-
acteristic measurement (U1) of the SYM systen:

\
I -\---

workinq range I f
72mm l...---*t

lmage of ¡llum¡nated area

Lateral support beam

lllum¡nated areas

Surface posilions
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Yt=U,=-(hA-2hc+hD) (t)

Àn important feature of Equâtion I is that thê
characteristic ¡neasurement U1 is, for all practi-
cal purposes, unaffected by changes in height or
pitching of the equipnent provideal the surface re-
tnains grithin the working range of the sensors.

The equÍpnent is noer moved forward so that the
positions along the surface of the average¿t profile
heights neasured by sensors C and D are coincident
with the positions of previous measurenents of sen-
sors A anal C. The ne}, averaged proflle height (yr)
ís calculateil by using the average¿l characteristÍc
neâsurements U1 and U2 as follosrs:

Y2=2U1 +U2 Q)

In general, after n steps the averaged profile
height (Yn) is given by

n
Y"=.). (n-i+l)Ui (3)

In the ASY system the spacing of sensors A and B
in Figure 4 ls 0,05 that of the SyU sensors and ASy
measurements are obtained at this spacing. By using
a clerivation similar to that given previousl-y, it
can be shown that after ¡n steps the profile height
(Yr) of the ASY system averaged over the ASy step
length is given by

Y- = [40Y1--1¡ -Y1--ao)+39Wm]/39 (4)

yrhere W ls the averaged characteristic nêasurement
of the ÀSY system, which in terms of Èhe averaged
sensor tneåsurêments (h¡, hB, and hO) is given
by

qr = - (39 hA - 40 hB + hD)/39 (5)

Equation 3 defines the Long-wavelength features
of the profile and Eguation 4 defines the short-
wavelength features. A composite profile containing
both the long- and short-erave features is obtained
by superimposing the ÀSY measurements on the SYM
measurenents by using a piecewise linear fitting
process that is describeil in detail elsewhere (9).
The low center of gravity of the trailer combined
with the averaging used to reduce the effects of
texture ensure that ro11 has a negligible effect on
the neasurements.

The perfornance of the TRRL high-speed system has
been extensively investigate¿l, not onLy by TRRL (5)
but also Índependently by Bundesanstalt fur Stras-
seneressen (BAST) of Vilest Gernany (6). TRRL made de-
tailed rod-and-level surveys at 0.1-n spacing, and
BAST made continuous neasurements with their pro-
filograph along a defined line previously neasured
by the high-speed eguipnent. BÍtuninous and eon-
crete surfacings containing different levels of
short- and long-wave unevenness were neasured. Vlhen
the survey and high-speed rneasurements were corre-
Iated, coefficient values ranged fro¡n 0.96 to 0.99
for the surfacings exa¡nined and for profile wave-
lengths up to 50 n. For hravelengths up to 100 n the
correlation coefficient is 0.95.

Figure 5 shows the systetn to have good amplitude
and phase response between 0.5 and 100 rn; good re-
sponse is obtained up to wavelengÈhs of several
hundred neters, the upper 1i¡nit being determined
nainly by the level of nacrotexture on the road sur-
face E). For wavelengths shorter than 0.5 n the
a¡nplitude response decreases because of the averag-
ing involveil in the derlvation of the ÀSY neasure-
ments.

Accuracy of measure¡nent is affected by road sur-

Figure 4. Sensor configuration on rigid beam for profile measurement.

Direction ol trauet þ

SYM System w Sercr¡ AGD
ASY Syitem usr S€nrcrs ABD

face and nachine factors¡ the maxinun tolerances ex-
pected for the measurêment of arnplitudes at wave-
lengths up to 100 n âre Êhown in Figure 5. The
abilíty of the system to measure long wavelengths
accurately rneans that it cån be used to exarnine not
only the riding guality of highways and alrflelds
but also subsidence problens. Àn example of sub-
sidence neasured over an 800-rn length of concrete
pave¡nent is shown in Figure 6. Conparison níth con-
ventionâl survey rneasurements on this site shoned
agreement to be within l0 percent at the maxi¡nu¡n an-
plitude.

lleasurenent of Wheel-Track Rutting

The method used for the measure¡nent of vrheel-track
rutting (7) is shown in Figure 7. The r{heels of the
trailer ride in the ruts, and the Laser sensor con-
tinuously rneasures the axle displacement fron the
road surface along a line centered between the wheel
tracks. The difference betlreen the axle displace-
nent rneasured on a rutted surface and the alata ob-
tained on a nonrutted surface gives the rut depth
average¿l over both wheeL tracks as shown in Figure 7.

To snooth the effect of the oscillatory motlon of
the trailer on its suspension, the rut measurenents
are averaged over a length ilirectly proportional to
the speed of the measuring systens e.9., for an op-
erating speed of 50 k¡n/h the length is 20 n.

Conparisons between.¡neasurements obtained by us-
ing the laser systen and average rut depths derived
frotn straightedge and wedge measurements show agree-
ment to within 2 mtn on najor roails and 3 mrn on ¡ninor
roacls (the difference arises fron the greater canber
on minor roaals) U) .

Exanples of rut depth profiles obtained by using
the laser systen at nornal traffic speed on a mo-
torway and on a single-carriageway principal road
are conpared in Figure I with rutting levels based
on CEART systen recom¡nenilations (2r. The notorway
is shown to have an acceptable leveL of rutting, but
the principal road has sections that would require
further investigation.

The co¡nputer faciLities, shown in Figure 2, en-
able the storage of as much as 500 km of rut dlata
per floppy disk. Lengths of road with crltical
levels of rutting can be located quickly by using
the on-board analysis programs.

Measurenent of l¡lacrotexture

uacrotexture is neasured (8) by using sensor C of
the high-speed road tnonitoring systetn (Figure 4),
which rneasures about 3,000 displacements/sec as it
tnoves over the surface. The macrotexture appears in
the forn of snall random variations in the nìeasure-

t5
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Figure 5, Ampl¡tud€ and phase-response measurement tolêrances of ampl¡tude.
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Figure 6. Measurement of subsidence profile on a continuously re¡nforced concrete
payement by the h¡gh-speed road monitor¡ng system.

nents superimposed on the much largêr oscillatory
motion intluceil by the trailer suspension (see Figure
9). To obtain a neasure of the macrotexture depth
(g) 

' the oscillatory motion is characterized by a
plecewise parâbolic curve-fitting procedure. The
Èexture depth ls then calculated in terrns of the
standard deviation of the residual displace[ìents, as
shown in Figure 9. The standard ¿leviation of tex-
ture depth is calculated over short lengths of sur-
face, usually 0.3 tnt it can be presented in the forrn
of a histogram or profile of texture depth along the
road surface.

comparison of texture neasurements nade by the
laser sensor trith those rnade by the nore tradlitional
sand-patch method (3) show good agreenent: correla-
tion coefflcients exceed 0.9 (!). selected sections
of rnotorway ranging frotn 6 to 21 km long have been
measured by uslng the laser system. The results
have shown thât Èhe system is capable of continuous
measurement of macrotexture at operating speeds up
to 35 kn,/h (9). on groovetl concrete surfaces the
laser systen has also been successfully applied to
the ¡neasurement of groove depth and spacing (Ì0).

I'teasure¡nent of Road Cross Slope and Radius
of Curvature

By using essentially the systetn shoçn ln Figure 2

but with the addition of transverse and longitudi-
naIly posltionedl inclinometers, the capability to
measure road gradient, crossfall, and radius of cur-
vature of benals is being incorporated lnto the high-
speed road rnonitoring systern. The radius of curva-
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ture of bends ls conputed by using the difference in
the distances traveled by the wheels of the trailer
on rounding a benal. noad graclient and crossfall are
derived fron incllnometer measure¡îents. The effects
of radial acceÌeration on crossfall measurements are
corrected by using the neasured radlus of curva-
ture. TraiLer ro11 effects are realuced to an ac-
ceptable level by averaging the crossfall ¡neasure-
ments over a length that is reLated to operatÍng
speedi tlpically, a length of 20 m is used for a
speedl of 50 kn/h.

Prelininary test trials have shown systern rneã-
surenents to be in good agreement with those ob-
tained by using conventional survey ¡nethods.

RESEARCH ON EFFECTS OF ROAD SURFÀCE I'NEVENNESS

To exploit fully the capâbllities of the road moni-
toring systetn, rnore tnust be known about the effect
of surface unevenness on (a) the cotnfort and safety
of the road user, (b) vehlcle operating costs, (c)
tlanage to the road structure, and (d) occupants of
buildings adjâcent to busy roadls. At TRRL the vari-
ous aspects of this problen are being investigated
to deterrnine the consequences of surfâce tleteriora-
tion and, ultimately, define intervention levels for
naintenance purposes.

Effect on Roa¿l Users

As a result of extensive studies Gl'12) ride as-
sessment by vehicle occupânts has been related to
surface unevenness. In these studies vehicle vibra-

ð.

E
E
E

I
o
ts

Correspond¡ng ampl¡tude of actual profile

0

Wavelength{m}

f aoo.t



Tra¡ler whæls

Transportation Research Record 946

Figure 7. Measurernunt of wheel-track rutt¡ng w¡th high-speed road mon¡tor¡ng system.

Caliô¡arion

ho-hr = Averaged rut depth

Figure 8, Var¡at¡on of wheel.track rutt¡ng along a motorway and a pr¡nc¡pal road.

Figure 9, Measurement of macrotexture w¡th laser sensor system.

Tra¡ler suspens¡on osc¡llat¡on and lengths
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tion, defined by the root mean sguare (R¡¡tS) of ver-
tical acceleration, was correlated with subjectÍve
assessrnents of ride by both a panel of expèrt as-
sessors and large samples of the notoring public
driving their own vehicles over selected sites. The
test sites had a range of unevenness and carried
traffic operating at speeds greâter thân 70 knlh.
Because of the inherent variability of the subjec-
tive assess¡nents, the results of the studies have
been ínterpretecl in probabilistic terns. Relations
have been cotnputed that give the probability of a
ride being rate¿l acceptabLe or better for given
leveIs of RMS acceleration. For RMS accelerations
of less than 0.04 g the analyses show that 90 per-
cent of Íìotorists in automobiles rated the ride as
acceptable or better. !¿lotorists driving their own
cars grere found to be less critical of ride than the
panel of expert assessors and truck drivers, and bus
passengers were more tolerant of vibration than
autotnobile passengers.

By using profiles of the test sites measured by
the road nonitoring systen, the RMS acceleration
valuea have been correlate¿l with unevenness to give
ride criteria for neer and in-service roails. Figure
10 shows evenness criteria for roads with traffic

Rut measurement

speeds greater than 70 kn/ht unevenness is defined
in Fígure 10 in terms of the variance of profile
deviations frorn a moving-average datum. Each vari-
ance value reflects the profile unevenness that is
associatecl with profile features less than or equal
to the length of the moving average. In the practi-
ca1 application of these criteria, profiles measured
by the road rnonitorlng system would be analyzed by
using the on-board cotnputer to give the variance
values associated with rnoving-average lengths of 3,
7, ]-O, and 15 tn for comparison with the criteria and
thereby define the riiling quality of the profile.
This analysis is ¡nade baseil on profíIe lengths se-
lecÈed by the user, typicalty 300 n in the United
Kingdom.

The effect of unevenness on traffic speed has
been investigated as part of a general study of the
consequences of surface deterioration (19). The
level of unevenness at which traffic speeal began to
be affected on major roads in the united Kingdom is
shown in Figure 10. It was conclude¿l that, under
êxisting rnaintenance practice, deterioration of the
surface profile was unlikely to cause a decrease in
traffic speed of ¡Rore than 3 k¡n/h on najor roads.
Because there are relatively few major roads in the
United Kingdon on which unevenness exceeds the level
shown in Flgure 10, the benefit to road users, in
relation to reducecl travel tímes, fron inproving the
profiles on najor roads is marginal.

Other consequênces that are being investigated
include vehicle ¡naintenance and fuel consumption. À
piJ.ot survey of vehicle fleet operators indicated
that vehicle naintenance was not affected by the
levels of unevenness on major roadls in the Uniteal
Kingdom. on other roads there was sorne indication
of an increase in vehicle maintenance that was as-
cribed to unevenness.
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Figure 10. Ride (evenness) criteria for use on maior in'service roads'
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The effects of unêvenness on energy dissiPation
through tire damping and suspension losses and,
hence, fuel consunption are being examined. Initíal
results show that there is a sna1l but significant
íncrease in energy tlissipation for vehlcles operat-
ing on roads that have levels of unevenness repre-
sentaèive of those found on so¡ne urban and ninor
rural roads; the tevel of energy dissiPation depends
on vehicle speed and on the sPectrum of surface un-
evenness.

Skid¿ling and Safety

The safety of the road user is a prirnary consiilera-
tion of the ¡naintenance engineer in evaluating the
condition of in-service roads. Roa¿l safety is a

conplex issue involving the road userr the vehicle,
clinate, and road conditlons. Although ít is diffi-
cult to quantify the contribution of these elenents
to road safety, it has been estinated that road-
related factors âre involved in about a quarter of
all roail vehicle accidents (L4). Skidl resistancer
partícularly in wet conditionsr has been shown to
have a significant effect on accident. risk (14).
Aggregate characteristics, surface texturer and, to
a lesser extent, rutting are directly related to
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skid reslstance (15) 
' but thêir effect in any given

situation is also greatly affected by road allgn-
tnent. By using the ¿lata provided by the hlgh-speed
road ¡nonitor together with skid resistance datar the
effect of road alignment and road surface parameters
(both inilividually andl in co¡nbination) on accident
risk can be exarnined by neans of correlation meth-
ods. once the paraneter levels associated wlth a
significant accident risk were deter¡nined from stud-
ies, the equiprnent would be used to survey road
alignment and surface condition to locate those sec-
tions of the network that have a significant accl-
clent risk. f{ith a knowledge of trafflc densíties
and speeds, the cost in human and naterial resources
of road-relateil safety measures can be better es-
t inated.

Structural Deterioration

The traditional. ¡netho¿l of cletecting structural ¿le-
terioration on roads in the United Kingilo¡n is visual
inspection. The develop¡nent of the deflectograph
(16) and of criteria for interpreting its measure-
ments (1?) has resulted in widespread use of this
instru¡nent as a ¡neans of providing an objective
evaluation of structural conclitions in quantitative
terns. A disadvantage of both visual inspection and
the deflectograph for survey ¡vork is their relative
slowness.

The high-speed road nonitor has been used to
carry out a continuing survey of longitudinal pro-
fiLe on a sample of different road constructions
over a period of 4 years. Analysis of the data fron
this survey shows that the rate of change of uneven-
ness correlates better with the structural condition
of pavernents than does the absolute leve1 of uneven-
nessi the rate of change of unevenness¡ deflneil as
the proportional change ln profile variance over l0
percent of the norninal life of the test site, was
computed for each 25-n length of each test site.
The profile variance was computed in relation to a
datun derivecl frorn a 3-rn tnoving average of the pro-
t 1Ie.

Work is continuing on the develoPment of criteria
for the early detection of structural distress on
rnajor roads. In practíce, those sectlons where
structural distress was indicatedl would then be sur-
veyed in detail by using the deflectograph and vis-
ual inspection to ascertain the nature and extent of
the distress and deternine the necessary strengthen-
ing treatments (E) .

PAVEMENT ¡4AINTENANCE OPTIMIZÀTTON

With about Ê10r000/krn being sPent each year on ¡nain-
tenance of the U.K. trunk road systen and rîore than
€1,000 on other roads [€I = u.S. $2.32 (1980)J there
is clearly scope for investing noney in techniques
and equipment that help to reduce the total annual
maintenance b111 and allocate the available funds in
the ¡nost cost-effective manner.

In response to economic pressures maintenance
manage¡nent has developed slosrly over the years. Às
new equipnent and techniques have become available
they have been put to effective use, but without
producing a cornplete solution to the overall Problen
of allocating resources. The techniques useal in-
clude engineering judgnentt visual inspection ln
surveys such as CHARTT Ythich cost between Ê3o,/km
(rural) and E2sÙ/kn (urban); SCRIIIi, which costs
€,1o/k¡n; and the ileflectograph' nhich cósts e9olkm.
with the advent of the high-speed road nonitor 'which can survey the netetork at uP to 200 kn/day at
a cost of about Ês,/lane-kmr and parallel inprovernent

0.1
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of the bunp integraÈor G9), tno powêrful survey
tools hâve been ¡nade available that cân take the
subjective judgnent out of the first stage of in-
specting the network.

For the development of a satisfactory econo¡nlc
¡nodel of malntenance rnanagenent, the various ¡nea-
sures of pavement conditlon should be llnkedl to
costs of renedlal treattnentr vehicle operating cost,
and non-road-user costs. The results of road condi-
tlon surveys night then be used to adjusÈ ¡nainte-
nance interventions to ¡¡ini¡nize the total dliscountefl
cost to the cormunity.

In a road investnent moclel developed by the Over-
seas Unit of TRRL for use in countries nith unpaved
roads, an econonic optimum ls more closely ap-
proached by taking lnto account the effect of high-
way maintenance standarde on vehlcle operatlng costs
(I9). Vehicle operating costs are, of course, nuch
less affected by the relâtively loyrer leveÌs of de-
terloration of the generally better-quality paved
surfaces ín ileveloped countries. Hoerever, the ac-
curacy of rneasurenent and the processing capability
of the high-speed road nonltor allied with studles
on the effects of unevenness such as thosê described
previously now provide a means of examining this
difficult problen.

CONCLUSIONS

Described in this paper is the operation of a high-
speed road tnonitorlng system developetl at TRRL that
rneasures longitudinal profile, rut depthr and sur-
face texture. $lork is underway to include cross-
fall, gradient, ân¿l horizontal curvature. As fur-
ther enhancetnênts are required they can be added to
the systen to rnake it even more effectlve for rap-
idly surveying the condition of the roâd network.

Longitudinal profile and rut neasuremenÈs provide
an assessnent of ride quality and indicate struc-
tural conilition. Although the high-speed road rnon-
itor does not measure skíd resistance directlyr its
neasuremenès of road alignment, profile¡ surface
texture, and rutting can be usetl to locate poten-
tially hazardous sections of the roaal nettrork.

The contribution the hlgh-spee¿t road nonitor can
¡nake to a maintenance rnanagenent system has been
briefly discussed, particuJ.arly lts ablllty to pro-
vide up-to-date infornatlon on the condition of the
network and to direct nore speclalized eguipment to
those distressed areas where fts use would be most
cost effective.
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Use of Response-Type Roughness Meters for Pavement

Smoothness Acceptance in Georgia

WOUTER GULDEN, JERRY STONE, AND DENNIS RICHARDSON

The use of response-type, road-roughness-measur¡ng systems as part of surface
tolerance specificat¡ons ¡s attracting increasing ¡nterest among highway agencies
as a rapid, inexpensive means of measuring the smoothness of roads during and

after construction. Problems such as calibration, veh¡cle ma¡ntenance, and the
repeatab¡l¡ty of test results must be taken ¡nto account and resolved or mini-
mized when these roughness-measur¡ng systems are used for acceptance or
rejection of pro¡ects for smoothness, The Georgia Department of TranspoÌta-
tion has been using road meters ¡n its specifications since 1972 for acceptance
of pro¡ects and since 1979 for both rejection and acceptance. The evolution of
the road-roughness-measuring program in Georgia, the calibrat¡on and operat-
ing procedures, the current smoothness specifications, and the use of Mays
meter dôta during construct¡on are described.

The surface smoothness testing program of the Geor-
gia Department of Transportation (DOT) has evolved
over the years from the rolling straighte¿lge to
trailer-¡nounted !¡lays ride neters and fro¡n testing
for infor¡nation purposes onl-y to project construc-
tion controL and acceptance. Many changes in eguip-
ment and procedures were ¡nade during this evolution
to enhance the progran an¿l to ensure acceptance of
the test results by contractors and projecÈ engi-
neers alike.

Before 1966 the rolling straighteilge was used to
neasure and control pavement roughness. Realizing
the shortconings of the straightedge in relating
surface profile ileviatlons to ridabiLity, the Geor-
gia DOT began to experinent with the CHLOE profilo-
tneterr but it soon beca¡ne obvious that this device
was too slon to be used in a large-scale prograrn.

In 1968 Georgia began using the Portland Cement
Association (PCA) roadl neter on a l-i¡nited basis to
check the roughness of various rnterstate projects
and sone other selected paving projects. The roail
meter was installed in a carry-a1l type of vehícle¡
although it was designed to be installed in a stan-
dard-sizedl car.

The roa¿l-neter progran was expandled in 1972 with
the purchase of a PCA neter for each of the seven
highway districts in ceorgia so that each paving
project could be rnonitored cluring construction.
Each project was also measured for ridability before
constructLon so that it woulil be possible to deter-
rnine the anount of improvenent in ridability after
resurfacing.

The test results hacl previously been provided to

contractors an¿l project engineers so that they could
becotne farnillar with roughness testlng and the re-
sults that were being obtained. In 1972 the ceorgia
DOT began using the PCÀ ¡neter in lieu of the
straightedge for accêptance of pavenent stTroothness
on construction projects. If a project ¡net the pCA

meter specification it was accepted without further
testing, but if ít failed to meet these ridability
requirenents the failing sections $rere then retested
!rith the rolling straightedge. The PCA meter sras
therefore used only as an acceptance too1, and any
penaltíes were assessed bâsed on rolling-straight-
edge results.

The carry-all vehicles were replaced ¿luring the
next few years, and each district purchased replace-
ment vehicles independently. By ]-976 the meters
ryere mounte¿l in a variety of vehicle Èypes, sueh as
suburbans, statíon wagons, and cars of various sizes
and makes. During this tine the pCÀ ¡neter was still
used for acceptance testing only, and varlations ln
road profile response from the various vehicles were
uninportant to the contractor because penalÈies were
still being assessed based on straightedge results.

Irtonitoring of the results obtained with the PcÀ
meter and the rolling straightedge showe¿l no consis-
tent correlation between these Èwo ¿levices. Fre-
quently, a section that failed the PCA neter re-
quirements would be assessed no penalties based on
the rolling-straightedge netho¿l. Sections deter¡nined
to be acceptable by the roail neter vtere soneti¡nes
found to have failecl the straightetlge requirements.
It v¡as obvious that the two devices ¿lid not give
compatible results on all types of roads and rough-
ness levels.

In 1975 the decision hras ¡nade to standardize the
PCA meter so that it could eventually be useil for
construction control and entirely replace the ro11-
ing straightedge. A testing progra¡n was con¿lucted
to compare PCA neter results obtainedl by various
vehicles. The station eJagon was chosen as a standard
test vehicle and a fleet of station wagons was pur-
chased.

Several other chânges were made at the same tine
in an effort to standardíze the equipment and up-
grade the reliability of the testing program. An
automatic nuII system y¡as a¿lded to all PCA neters,
raclial tires were used. on all test vehicles, and


